Abstract. The goal of this study is to estimate the cloud radiative feedback effect on the annual variation of the global mean surface temperature using radiative flux data from the Earth Radiation Budget Experiment. We found that the influence of the cloud feedback upon the change of the global mean surface temperature is quite small, though the increase of the temperature is as much as 3.3 K from January to July. On a global scale, we found no significant relationship between either solar reflectivity of clouds or effective cloud top height and the annual cycle of surface temperature. The same analysis was repeated using the output from three general circulation models, which explicitly predict microphysical properties of cloud cover. On a global scale, both solar cloud reflectivity and cloud top height increase significantly xvith the increase of surface temperature, in contrast to the observation. The comparative analysis conducted here could be used as an effective test for evaluating the cloud feedback process of a model.
Introduction
The heat balance of this planet is maintained by the heating due to the absorption of incoming solar radiation and the cooling due to the emission of outgoing radiation. It is well known that cloud cover exerts a large influence on the Earth's heat budget. For example, clouds reflect solar radiation thereby cooling the atmosphere-Earth surface system. Clouds also absorb the upward infrared radiation emitted from the Earth's surface and lower troposphere with relatively high temperature and emits it at low temperature, reducing the outgoing radiation from the top of the atmosphere. Thus clouds also have a warming effect (i.e., the greenhouse effect). Since the cooling effect usually exceeds the warming effect [e.g., Manabe and Wetherald, 1967] , cloud cover has a net cooling effect upon the heat balance [e.g., Ramanathan et al., 1989 ].
It has been speculated that accompanying with climate change such as global warming, the distribution and optical properties of clouds are altered, significantly affecting the temperature change in the atmosphereEarth surface system. This is called the cloud feedback effect. Unfortunately, our current knowledge of the cloud feedback effect is far from satisfactory. We do not know the sign let alone the magnitude of the effect. The large range of uncertainty associated with the estimate of future climate change by the Intergovernmental Panel on Climate Change is attributable in no small part to our failure to reliably determine the infiu- In order to reliably project future climate change, it is therefore necessary to validate the cloud feedback process of a general circulation model (GCM) of the atmosphere based upon observation. In this study, we want to test the cloud feedback effect of a model by quantitatively comparing the observed and simulated cloud feedback effect upon the annual variation of global mean surface temperature. Unfortunately, as described below, the pattern of observed annual variations of global mean surface air temperature is highly variable horizontally and is quite different from the pattern of global warming simulated by a model. Therefore there is no guarantee that the cloud feedback process affects the annual variation of global mean surface temperature in the same way as it affects the increase of surface temperature associated with global warnting. Nevertheless, the annual variation of surface temperature is the largest observable climate change available for validating of a climate model. In the present study, we quantitatively evaluate the influence of the cloud feedback process upon the annual variation of global mean surface temperature, using the observed solar and longwave fluxes at the top of the atmosphere. We chose the global domain for the analysis because global averaging eliminates the undue influence of local change in radiative fluxes due to horizontal movement of cloud cover.
Figure la illustrates the annual variations of surface air temperature averaged over the entire globe and the Northern and Southern Hemispheres. It shows that surface temperature averaged over the Northern Hemisphere has an annual variation that is out of phase and is much larger than that of the Southern Hemispheres. 
Feedback Parameter

Basic Equations
This subsection derives the basic formulation used for analyzing the cloud feedback process in the annual variation of the global mean temperature. Normally, feedback analysis is applied to the equilibrium response of the global mean surface temperature to radiative forcing such as the change in the atmospheric concentration of greenhouse gases. In the present study, however, it is applied to the annual variation of global mean surface temperature, which is the periodic response to the seasonal variation of solar radiation.
The global mean, net downward flux of radiation at the top of the atmosphere R may be subdivided as To determine how the effective temperature for outgoing radiation depends upon surface temperature, globally averaged monthly mean longwave cloud forcing is divided by total cloudiness and is plotted against the global mean surface temperature (Figure 11 ). This figure indicates that longwave cloud forcing per unit cloudy area increases substantially with increasing surface temperature in all three models, in sharp contrast to observation in which longwave cloud forcing per unit cloudy area shows little dependence on surface temperature (see Figure 11d ). This result implies that the effective temperature, and accordingly, the effective height of cloud top for outgoing radiation, on a global scale, increase significantly with increasing surface temperature in all three models.
The increase of the effective temperature for the outgoing radiation described above may, at least partly, be attributable to the increase of mean cloud height with increasing temperature. To evaluate this speculation, the global mean cloud height weighted by cloud water is computed for the CCSR/NIES model and is 
Summary and Conclusions
This study investigated the influence of cloud feedback process upon the annual variation of the global mean surface temperature, using the radiative flux data from the Earth Radiation Budget Experiment. We We also found that globally averaged effective cloud top height, which is determined from the analysis of observed outgoing longwave radiation at the top of the atmosphere, hardly changes despite the annual variation of the global mean surface temperature. In contrast, global mean cloud top height increases significantly with increasing global mean surface temperature in all three models selected for the present analysis. In the numerical experiments conducted earlier by Wetheraid and Manabe [1988] and Senior and Mitchell [1993] , the altitude of high clouds also increases in response to the increase in at•nospheric CO2 concentration. The increase in cloud top height helps reduce the effective emission temperature for the outgoing radiation from the top of the atmosphere, enhancing CO2-induced warming. In interpreting of the above results, one has to recognize, however, that the seasonal changes in the distribution and type of cloud are much larger and are quite different from the change associated with simulated CO2-induced warming. Nevertheless, the present study suggests that some current models may exaggerate the positive feedback effect, which involves the change in cloud altitude.
Comparing the observed and simulated strength of the cloud feedback process that operates on the annual variation of global mean surface temperature, one can identify the systematic bias of a model. Therefore we would like to recommend the comparative analysis of observed and simulated cloud feedback processes in the annual variation of global •nean surface temperature as an effective test for evaluating models.
